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The seasonal germination response of Leucospermum cordifolium 
(Salisb. ex Knight) Fourcade seeds was studied by sowing seeds 
manthly in open seed beds during the year following harvest. The 
experiment was repeated over two years; widely different mean 
germination percentages indicated that the viability of the two seed 
harvests differed significantly. Treatments of seeds prior to sowing 
included scarification with sulphuric acid, soaking in a 0,5% 
solution of H20 2 and storage at 5°C. Storage at soc improved 
germination of seeds of low viability but not of seeds of higher 
viability. Acid scarification of seeds plus H20 2 treatment did not 
increase germination percentage above H202 treatment alone. Seeds 
treated with H~2 germinated much better than untreated seeds 
when seed viability was high but only slightly better when seed 
viability was low. Mean air temperature during the first 14 days to 
one month after sowing was negatively correlated (P < 0,01) with 
germination percentage in both experimental years and apparently 
had a stronger influence on germination than H202 treatment. It was 
concluded that embryos have an independent and even stronger 
requirement for low temperature than for increased oxygen tension , 
to overcome dormancy. The moderately low temperature required 
during germination was apparently not a stratification requirement 
and could not be linked to a threshold value. Low temperature 
requirement probably prevents germination and seedling 
establishment in the natural habitat during the dry, unfavourable 
western Cape summer. 
S. Afr. J. Bot. 1986, 52: 207-211 
Die seisoenale kiemingresponsie van Leucospeimum cordifolium 
(Salisb. ex Knight) Fourcade sade is bestudeer deur sade 
maandeliks te saai in oop saadbeddings gedurende die jaar wat op 
oes gevolg het. Die studie is in twee opeenvolgende jare herhaal. 'n 
Groot verskil in die gemiddelde kiempersentasie het aangedui dat 
die kiemkrag van die twee saadoeste betekenisvol verskil het. 
Behandelings voor saai het skarifikasie met swawelsuur, weking in 
'n 0,5% oplossing van H~2 en berging by soc ingesluit. Berging by 
soc het kieming van sade met lae kiemkrag bevorder maar nie van 
sade met hoer kiemkrag nie. Suurskarifikasie van sade voor 
H202'behandeling het nie die kiempersentasie verhoog bo H202· 
behandeling aileen nie. H20 2-behandeling het kieming van sade met 
hoe kiemkrag sterk laat toeneem maar die invloed van H20 2 was 
swakker in sade met lae kiemkrag. Gemiddelde lugtemperatuur 
gedurende die eerste 14 dae tot een maand na saai was negatief 
gekorreleer (P < 0,01) met kiempersentasie in beide proefjare en het 
kieming skynbaar sterker be'lnvloed as H~2-behandeling . Hieruit is 
afgelei dat embrio 's 'n onafhanklike en sells groter vereiste het vir 
lae temperatuur as vir verhoogde suurstofspanning om saadrus te 
oorkom. Die matige laetemperatuur-vereiste gedurende kieming was 
skynbaar nie 'n stratifikasie-vereiste nie en kon nie aan 'n 
drempelwaarde gekoppel word nie. Die vereiste vir lae temperatuur 
verhinder waarskynlik dat saadkieming en saailingvestiging in die 
natuurlike habitat gedurende die droe, ongunstige Wes-Kaapse 
somer plaasvind. 
S.·Afr. Tydskr. Plant. 1986, 52: 207 - 211 
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Introduction 
Dormancy of achenes ('seeds') is an important problem for 
both commercial cut flower production and breeding of 
pincushions (Leucospermum spp.). A practical approach to 
the problem has been to let seeds germinate during the season 
to which germination is restricted in the natural habitat, i.e. 
the cool winter season (Knight 1809; Vogts 1958). An in-
creased availability of oxygen to the embryo was found to 
be the primary environmental requirement for breaking seed 
dormancy in some species of Proteaceae (Van Staden & 
Brown 1973; Brown & Van Staden 1973b). 
Seeds were soaked in a hydrogen peroxide solution as a 
practical means of breaking dormancy in Leucospermum 
cordifolium (Salisb. ex Knight) Fourcade (Brits & Van Niekerk 
1976). Seeds were sown in open seed beds in autumn, resulting 
in the germination of all viable seeds. Treatment with H20 2 
has since been recommended as a commercial treatment of 
L. cordifolium seeds. 
In routine germination tests of L. cordifolium seeds at 
different times of the year, using 1 OJo H20 2 solutions to break 
dormancy, we observed incomplete germination of seeds sown 
during the warmer months. The question arose whether 
seasonal temperature influenced germination and whether its 
influence interacted with the known effect of oxygen on 
germination. Low temperature may also indirectly improve 
the oxygen supply to germinating embryos by increasing the 
solubility of oxygen in water (Van Staden & Brown 1977). 
Mechanical scarification of L. cordifolium seeds was 
observed to increase the percentage germination (Van Staden 
& Brown 1973). This effect, which was also observed in seeds 
scarified with sulphuric acid (Brits & Van Niekerk 1976), was 
attributed to improved diffusion of oxygen to the embryo. 
Acid scarification of seed was combined with HzOz treatment 
in the present study as an alternative means of ensuring 
increased oxygen tensions in germinating embryos. Acid 
scarification may also reduce the degree of mechanical con-
straint imposed on the embryo by the seed coat (pericarp) 
(Brits & Van Niekerk 1976). 
The viability of Protea neriifolia R.Br. seeds was found 
to decrease significantly when stored in air at 26°C for two 
years, but not if stored at 5°C (Van Staden 1978). The rate 
at which seed viability declines is therefore an unknown factor 
possibly affecting the seasonal germination response in L. 
cordifolium seeds. 
In many plant species the after-ripening of seeds, which 
occurs during dry storage, is known to break dormancy 
(Mayer & Poljakoff-Mayber 1982). This aspect of seed 
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dormancy, which may affect seasonal germination response, 
has not been investigated in L. cordijolium. 
The purpose of this work was to study som~ of the factors 
likely to influence the seasonal germination response of 
Leucospermum cordijolium seeds and their possible inter-
action with oxygenating treatments. 
Materials and Methods 
Seeds of L. cordifolium were harvested from cultivated stands 
at Stellenbosch in December 1977 and at Riviersonderend in 
December 1978. Seed lots (150 seeds each) were stored sepa-
rately either in paper bags at room temperature or in airtight, 
50 cm3 containers at soc. 
Seed treatments 
Three seed lots , stored at room temperature, were drawn at 
random on the 15th of each consecutive month from January 
to December in each year. Pre-sowing treatments, one per 
seed lot, were: 
(1) soaking in distilled water for 24 h at 22°C (control), 
(2) soaking in a 0,50Jo hydrogen peroxide solution for 24 h 
at 22°C (Brits & Van Niekerk 1976), and 
(3) scarifying in 98% H2S04 for 8 min at 22°C, followed 
by treatment (2) above. 
In a fourth treatment, one similarly drawn seed lot stored at 
5°C was given treatment (3) above. 
Germination 
After treatment, each seed lot was divided into three groups 
of 50 seeds each; the experiment was then sown as a rando-
mized block design with four treatments and three replications . 
The seeds of all four treatments were sown on the 16th of 
each month in the standard seed beds used for the germination 
of Proteaceae seeds (Vogts 1974) and irrigated daily. Newly 
germinated seeds were counted weekly for 20 weeks after each 
sowing date. 
Temperature 
Hourly air temperatures were recorded by the weather station 
at Tygerhoek Experimental Farm, Riviersonderend, where the 
experiment was conducted. 
Results and Discussion 
In an analysis of transformed data of combined percentages 
for the two years (seed harvests) [angular transformation to 
correct non-normality in proportions (Snedecor & Cochran 
1967)], the interactions for years x treatments and years x 
months were highly significant (P < 0,01). The data were 
therefore analyzed separately for the two years . 
The mean germination percentages and mean transformed 
values in each of the two experimental years are presented 
in Table 1. In both years highly significant interaction 
(P < 0,01) for treatments x months was found. This may 
have been caused by various field factors, e.g. rodent preda-
tion, which was observed in some months (illustrated in 
Figure lA). The effects of treatments were significant in 1977 
(P < 0,05) and highly significant in 1978 (P < 0,01). 
Mean germination percentages obtained were 16,78 and 
34,22% in 1977 seed and 1978 seed respectively. The relatively 
low percentage germination of 1977 seeds, and possibly their 
poor response to HzOz treatment as well, were probably due 
to low seed viability. Seeds were not harvested under con-
trolled circumstances in 1977 and may have been harvested 
prematurely. Discerning between immature and mature seed 
heads is an exacting task (Vogts 1974), often causing inexpe-
rienced labourers to harvest seeds prematurely. Subsequent 
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Table 1 Mean germination percentages and mean 
angles in analysis of variance for four seed treatments 
and two seed sources of Leucospermum cordifolium 
Treatments 
(I) (2) (3) (4) 
Control H202 H202 soc Storage 
+ H2S04 + H202 
+ H2S04 
Seed Source Germination percentage 
1977 
(Stellenbosch) 12,45 15,01 17,89 21,76 
1978 
(Riviersonderend) 21,04 41,39 36,22 38,22 
Angles in analysis of variance 
1977 18,74 21,68a 22,77a 25,68 
LSDT (0,05) 2,71 
LSDT (0,01) 3,32 
1978 26, 15 39,66a 36,69a 37,96a 
LSDT (0,05) 3,17 
LSDT (0,01) 3,88 
aTreatment means do not differ significantly 
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Figure 1 Mean germination percentage in individual months for 
untreated (•--•) and H202 treated (o--o) seeds of relatively low 
viability in 1977 (A) and of high viability in 1978 (B). Seeds were heavily 
predated by mice in April 1977; December 1978 was followed by 
abnormally cool weather. 
germination can be much lower than that of seeds harvested 
at a more mature stage (unpublished data). 
When incubated in oxygen, the germination percentage of 
seeds of low viability did not improve (Van Staden & Brown 
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1973). Seed coats in such seeds are often visibly under-
developed. As dormancy in mature seeds is determined by 
impermeability of the coat to oxygen (Van Staden & Brown 
1977), under-developed seed coats may be more permeable 
to atmospheric oxygen than normal seed coats i.e. such under-
developed seeds would be expected to respond relatively poorly 
to artificially applied oxygen. A low viability of the 1977 seed 
source due to premature harvesting would therefore be in 
agreement with the relative)~ poor response of the seed to 
H20 2 treatment as well (Table 1). 
Effect of storage at soc (treatment 3 vs. treatment 4) 
In 1977 harvested seed, the significant effect of cold storage 
on germination of seeds that were scarified and treated with 
H20 2 (Table 1) was greater in the latter half than in the first 
half of the year (Figure 2) . This indicates that the viability 
of the open-stored seeds declined gradually at room tempera-
ture. However, seed of higher viability (1978 harvest) survived 
at least one year of storage without significant deterioration 
(Table 1). 
Effect of scarification in H;>804 (treatment 2 vs. 
treatment 3) 
In both seed harvests, the difference between the percentage 
germination of acid scarified and unscarified seed that was 
treated with H20 2 was not significant (Table 1). This suggests 
that acid scarification did not effectively increase oxygen 
tension in embryos above that produced by H202 treatment 
alone. Treatment with H202 may therefore have provided a 
maximal oxygen effect in germinating embryos. A negligible 
mechanical constraint of the seed coat on germinating L. 
cordifolium embryos is also indicated and supports previous 
results (Van Staden & Brown 1973; Brown & Van Staden 
1973b; Brits & Van Niekerk 1976). 
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Figure 2 Mean germination percentage in individual months in 1977 
for seeds scarified in H2SO. and soaked in HzOz after dry storage at 
ambient temperature (o--o) or at 5°C (•--•). 
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Effect of H202 treatment (treatment 1 vs. treatment 2) 
Treatment of seeds with H202 resulted in significant and 
highly significant mean increases in germination over untreated 
seeds in 1977 seed and 1978 seed respectively (Table 1). These 
increases of 2,560Jo and 20,35% over controls averaged 21% 
and 97% in terms of control values in these respective seed 
harvests. In 1977 seed the improvement was not consistent 
over all months (Figure lA) but in 1978 seed the effect of 
H20 2 on the germination of seeds of higher viability was 
strong and consistent (Figure 1 B). 
Effect of seasonal temperature 
Untreated seeds germinated better in both years during the 
five coolest months (May to September) than in the seven 
warmest months, during which germination fell to a minimum 
level (Figure 1). In untreated seeds the average difference in 
germination percentage between the five coolest and the seven 
warmest months was 17,97% in 1977 and 21,76% in 1978. 
This amounted to 362% and 182% increases respectively 
during the coolest months in terms of the average level of 
minimal germination calculated for the warmest months 
(Table 2). This effect of seasonal temperature on germination 
of untreated seeds was therefore greater than the effect of 
H20 2 in terms of untreated seed values (treatment 1 vs. 
treatment 2). 
Untreated (control) seeds germinating in open seed beds 
would have approximated seed germination under natural 
conditions. The stronger effect of seasonal air temperature 
than of oxygenating treatments suggests that, in its natural 
habitat, germinating L. cordifolium seeds have an independent 
and even stronger requirement for low temperature than for 
increased oxygen tension. This disagrees with the conclusion 
that a suboptimal oxygen tension in embryos, due to the 
impermeability of the seed coat, is the main block to germi-
nation of L. cordifolium seeds studied under laboratory 
conditions (Van Staden & Brown 1973; Brown & Van Staden 
1973b). Different dormancy mechanisms in the cases of low 
temperature and increased oxygen requirements are indicated, 
the former being physiologically imposed in the embryo and 
the latter being physically imposed by the seed coat. 
The dependency in nature of germination on low tempera-
ture is further illustrated by the regressions of monthly 
germination percentage on mean hourly air temperature 
during the first month after sowing for untreated (treatment 
1) and H20 2 treated (treatment 2) seeds (Figure 3). The 
regression coefficients for untreated seeds from the two 
experimental years did not differ significantly (F = 1,12; d.f 
= 1,19) and show increases of approximately 2% and 2,7% 
in germination for each 1 oc decrease in mean air temperature 
in 1977 and 1978 respectively. In terms of the minimal level of 
germination found during the seven warmest months (Table 2) 
Table 2 Mean air temperature during first month after sowing and mean 
germination percentages during the seven warmest (Oct.- April) and five 
coolest (May- Sept.) months in 1977 and 1978 for untreated seed of 
Leucospermum cordifolium 
Seven Five Increase during 
warmest months coolest months 
cooler months 
Mean air Mean Mean air Mean as O?o of mean 
temperature germination temperature germination germination during 
Year (OC) percentage (OC) percentage warmer months 
1977 19,6 ± 2,0 4,96 12,3 ± 1,1 22,93 362 
1978 19,4 ± 2,3 11,97 12,4 ± 1,0 33,73 182 
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Figure 3 Regression of germination percentage on mean monthly air 
temperature, recorded on an hourly basis during the first month after 
sowing, for untreated (•--•) and H202 treated (o- - - o) seeds in 
1977 seed (A) and 1978 seed (B). (The data for April 1977 was omitted 
from the regression on account of its unrealistically low value caused 
by mouse predation). 
these increases were approximately 41 OJo and 230Jo in the two 
respective years for each 1 oc decrease in temperature. 
In the regressions for untreated seeds the correlation co-
efficient (r) and ? were: 
1977 seed: r = -0,89 (P < 0,01); ? = 0,79; 
1978 seed: r = -0,85 (P < 0,01); ? = 0,72. 
The ? values indicate that 790Jo and 720Jo of the observed 
variation in monthly germination percentage values could be 
ascribed to temperature effects in 1977 and 1978 respectively 
(Snedecor & Cochran 1967). The highly significant correlation 
coefficients and linearity of regressions in untreated seeds from 
both harvests suggest that untreated seeds were fully dormant 
at the time of harvest and did not lose their dormancy during 
the study period, i.e. temperature was probably the only 
influence on their germination (Figure 3). L. cordijolium seeds 
therefore, apparently do not after-ripen during dry storage, 
nor presumably, during natural storage in the ground. 
Regressions for untreated seeds were also calculated, for 
both seed harvests, from monthly germination percentage on 
mean hourly air temperature during the month in which seeds 
were sown, the first 14 days after seeds were sown, and the 
first two months after seeds were sown (Table 3). When 
pooled over the two harvests, these ? values were lower than 
the pooled ? for the regression using as an independent 
variable, the mean hourly air temperature during the first 
month following the sowing of seeds. The latter therefore 
provided the best pooled fit of germination data to the 
regression for the two harvests and consequently it was used 
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Table 3 The value of r2 in linear regressions of month-
ly germination percentage on mean hourly temperature 
during four periods related to sowing time of L. cordi-
folium seeds: a) the month in which seeds were sown, 
b) first 14 days after, c) first month after, d) first two 
months after seeds were sown, for the two experi-
mental years, separately and pooled 
1977 
1978 
Pooled 
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Figure 4 Germination rate for untreated L. cordifolium seeds sowed 
on December 15 , 1978 at Riviersonderend, with superimposed rainfall 
and air temperature patterns of six weeks earlier. Each percentage value 
is the mean of three replications of 50 seeds each. o--o 07o germina-
tion; •--• mean weekly air temperature; • • • • periods and amounts 
of rainfall . 
as the independent variable (Figure 3). The first 14 days after 
seeds were sown, used as an independent variable, also gave 
a high pooled ? value. Therefore temperatures prevailing in 
the period immediately after sowing may have decisively 
influenced germination. 
The artificial daily irrigation applied to the seed bed led to 
rotting of ungerminated seeds, causing relatively quick stabili-
zation in germination. During the warm season, however, 
most seeds in nature are subjected to relatively short rainy 
periods. Seeds may tolerate repeated imbibition and desic-
cation, remaining dormant until imbibition occurs at a low 
temperature. Consecutive rainy spells followed by cold may 
therefore determine several germination peaks in the natural 
environment. This was observed to a limited extent in the seed 
bed (Figure 4) . 
The regression data do not show a clear disjunction in 
germination response. A threshold temperature requirement 
for germination is therefore not indicated. The regressions 
S. Afr. J. Bot.. 1986, 52(3) 
suggest that germination under natural conditions may com-
mence slowly during a period of relatively moderate tempera-
tures, coupled with relatively high rainfall (late autumn) and 
may maximize during early winter. The resulting spread of 
germination over a period of time may have survival value 
(Mayer & Poljakoff-Mayber 1982). 
The effect of HzOz on germination tended to be relatively 
less in both years during the cooler months than during the 
warmer months (Figure 1). This is also illustrated by the 
steeper slopes in untreated seeds than in HzOz treated seeds 
(Figure 3) although regression coefficients did not differ 
significantly (1977 seed: F = 0,41; d.f = 1,18; 1978 seed: 
F = 0,78; d.f = 1,20). Germinating embryos may require 
less oxygen at low temperatures whilst the solubility of oxygen 
in water is increased at the same time (Van Staden & Brown 
1977). A strong mediating effect of oxygen in the apparent 
influence of low temperature was suggested in the case of 
laboratory stratified seeds of Leucadendron daphnoides 
(Thunb.) Meisn. and Protea compacta R.Br. (Brown & Van 
Staden 1973a). Untreated controls may therefore have benefit-
ted in cooler months from an indirect, natural oxygenating 
effect. This may explain the apparently stronger reaction to 
H20 2 in the warmer months than in the cooler months. How-
ever, the interaction of low temperature and oxygen here, and 
presumably also under natural conditions, is much less than 
was suggested by Brown and Van Staden (1973a). 
The eff~ct of stratification followed by germination at 
higher temperatures has been extensively studied in the labora-
tory using seed of South African Proteaceae (Van Staden & 
Brown 1977). Species which exhibit this germination pattern 
in nature usually inhabit regions with extremely cold winters 
and should be distinguished from those requiring only mode-
rately low temperatures during seed germination (Mayer & 
Poljakoff-Mayber 1982). In the former case saturated seeds 
undergo after-ripening at low temperatures, during which 
germination does not occur and which conditions them for 
subsequent germination at higher temperatures. This type of 
seed dormancy is therefore essentially a cold-avoiding syn-
drome (Angevine & Chabot 1979). 
In contrast, the cool winter season is the most favourable 
for the germination and seedling establishment of western 
Cape Proteaceae (Jordaan 1972). This is due to a high water 
stress imposed on plants by a combination of hot, relatively 
dry summers and the poor water retention capacity of the 
Table Mountain Sandstone soils of the western Cape. L. 
cordifolium seeds germinating close to or after sporadic rain 
in the dry season will therefore not survive. The low tempera-
ture requirement for breaking dormancy in L. cordifolium 
seeds is therefore a drought-avoiding mechanism (Angevine 
& Chabot 1979) which synchronizes germination with mainly 
the early wet winter season. This allows seedlings to establish 
during a relatively long favourable period and ensures a 
maximal survival rate. This type of seed dormancy is common 
in species living under conditions of summer drought and 
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winter rainfall in many regions of the world (Mayer & 
Poljakoff-Mayber 1982). 
In the present study, mean air temperature would have 
differed from mean soil (seed bed) temperature; mean daily 
temperature was compounded of alternating high and low 
temperatures of varying durations. The latter parameters may 
all be involved in the breaking of seed dormancy (Koller 1972) 
and the present study confirms the importance of minimum 
soil temperature. 
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